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FORE WORD 

T h i s  i s  volume two of a three  volume s e t  of documents  compr i s ing  
the f ina l  r e p o r t  of a study to define the des ign  of a space  probe  a l t i m e t e r .  
T h e  documents  of th i s  s e r i e s  include the following: 

1.  Des ign  

a. Detai led Conceptual Des ign  
b. Drawings  
c.  Growth Potent ia l  

2. Developmental  P l a n  

a. P r o j e c t  Planning Network 
b.  Manufacturing P l a n  
c .  Envi ronmenta l  T e s t s  P r o g r a m  P l a n  
d. F l igh t  T e s t  Qualification P l a n  
e .  Fac i l i t i e s  P l a n  
f .  P r o j e c t  Funding P l a n  

Reliabil i ty and Quality A s s u r a n c e  P l a n  

a. Rel iabi l i ty  and Quality A s s u r a n c e  
b. P r e d i c a t e d  Effec ts  of S te r i l i za t ion  

3 .  

T h i s  study w a s  conducted by T e x a s  I n s t r u m e n t s  Incorpora ted  Appara tus  
Divis ion f o r  the National Aeronaut ics  and  Space Admin i s t r a t ion ,  Langley 
R e s e a r c h  C e n t e r ,  Langley Station, Hampton ,  Va .  , under con t r ac t  number  
NAS 1-5954, f rom March  1966 to November  1966. 
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. DEVELOPMENTAL P L A N  F O R  THE DESIGN, 

DEVELOPMENT AND PRODUCTION O F  A SPACE P R O B E  ALTIMETER 

P r e p a r e d  by Texas I n s t r u m e n t s  Incorpora ted  
A ppa r a tu s Div i s io n 

13500 North C e n t r a l  E x p r e s s w a y  
Dal las ,  Texas  7 5 2 2 2  

SUMMARY 

This  r e p o r t  contains  the developmental  plan which encompasses  the 
p ro jec t  planning network, manufactur ing,  envi ronmenta l  t e s t s ,  f l ight t e s t  
qual i f icat ions,  fac i l i t i es ,  and project  funding. 

Manufactur ing wil l  be on  a m o d e l  shop bas i s  or  wil l  be done in  a s h o r t -  
r u n  product ion faci l i ty  within the m a i n  fabr ica t ion  shop.  The  a s s e m b l y  and 
tes t ing  of the a l t i m e t e r  wil l  be conducted in a hor izonta l  l a m i n a r  flow c l ean -  
r o o m .  For addi t ional  tes t ing,  government  facilities wil l  be r e q u i r e d  t o  
p e r f o r m  c e r t a i n  t e s t s  for  which fac i l i t i es  are not avai lable  at Texas  
Ins t rumen t s ,  o r  for  t e s t s  which r e q u i r e  tes t ing  in  conjunction with o the r  
a s s e m b l i e s  a n d / o r  the P robe /Lander  i t s e l f .  

For flight t e s t  qualifications i t  has been  shown that a balloon d r o p  is 
the m o s t  feas ib le  method f o r  additional t e s t s  of the a l t i m e t e r .  Other  t e s t  
f ac i l i t i e s  at Texas  Ins t rumen t s  a r e  d i s c u s s e d  in this  r e p o r t  and a budgetary 
e s t i m a t e  of the cos t  of developing, tes t ing ,  and de l iver ing  a m a x i m u m  of 
t en  r a d a r  a l t i m e t e r s  has been made .  

INTRODUCTION 

The  developmenta l  plan for cons t ruc t ion  of MERA r a d a r  altimeters is 
included i n  th i s  r epor t .  A b a r  graph and p ro jec t  planning network outline 
m a j o r  t a s k s  to  be p e r f o r m e d  t o  successfu l ly  comple te  th i s  p r o g r a m  on sched-  
ule.  A con t rac t  award  da te  of July 1967 w a s  a s s u m e d .  

F i g u r e  1 shows p r i m a r y  p r o g r a m  phases  (des ign ,  test and product ion)  
in  a s i m p l e  b a r  graph  with a l inear  time s c a l e .  Ma jo r  p r o g r a m  t a s k s  a r e  
a l s o  shown, with s ignif icant  mi les tones .  T h i s  schedule  co inc ides  with the  
deve lopment  of the r e q u i r e d  MERA components  f o r  t h i s  p r o g r a m .  



F i g u r e  2 i s  a planning network gene ra t ed  in  suf f ic ien t  de ta i l  to identify 
a l l  m a j o r  design,  t e s t ,  documentat ion and suppor t  t a s k s  r e q u i r e d  to  comple te  
the  p r o g r a m .  This c h a r t  is not on a l i n e a r  time scale fo r  r e a s o n s  of space ,  
but impor t an t  events a r e  dated.  Major  f e a t u r e s  of t h i s  plan are:  

1 ) Reliabil i ty P r o g r a m .  - Reliabi l i ty  and qual i ty  a s s u r a n c e  e f f o r t s  
s tar t  a t  the  beginning of the p r o g r a m  and are not comple t e  unt i l  the  f i rs t  
m i s s i o n  is complete .  Volume 3 provides  comple te  de t a i l s  of t h i s  e f fo r t .  

2)  Breadboard.  - A bench opera t ing  altimeter wi l l  be cons t ruc t ed  t o  
comple te ly  define e l e c t r i c a l  i n t e r f ace  p r o b l e m s  and t o  f a m i l i a r i z e  p ro jec t  
pe r sonne l  with the comple te  s y s t e m .  

3 )  Prototype.  - A prototype, 
t ion of mechanical  i n t e r f aces  and the 
T h i s  unit  wi l l  be operable ,  but is not 

o r  "flyable b readboard"  al lows def ini-  
development  of manufac tur ing  drawings .  
expected t o  meet all env i ronmen ta l  con-  

di t ions o r  to  be s te r i le .  

4) Preproduct ion  Model. - T h i s  model  wi l l  be  bui l t  to the drawings  
developed in  the prototype phase.  Th i s  model  wi l l  m e e t  a l l  envi ronmenta l  
conditions and will be  used  in envi ronmenta l  t es t ing .  Af t e r  s u c c e s s f u l  c o m -  
pletion of t e s t s ,  the production drawings  can  be  f inal ized.  

5 )  Product ion.  - Additional uni ts  can  now be  cons t ruc t ed  t o  f i rm 
drawings  and de l ivered  accord ing  to a firm schedule .  

6 )  Support. - Pre launch  and landing suppor t  a r e  l i s ted ,  which 
include aid in  final tes t ing,  e t c .  

. 
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MANUFACTURING PLAN 

Tooling P l a n  

The p r e s e n t  configurat ion of the r a d a r  a l t i m e t e r  u t i l i zes  a b a s e  tha t  
c a n  be  f ab r i ca t ed  as a cast ing or  a d ip-brazed  a s s e m b l y .  Because  of the 
small quant i t ies  involved, the d ip-brazed  type cons t ruc t ion  s e e m s  p r e f e r a b l e  
a n d  would r e q u i r e  much l e s s  complex tooling to f ab r i ca t e .  Al l  components  
are  of the type tha t  a re  cu r ren t ly  being produced  a t  Texas Ins t rumen t s  and 
wi l l  not r e q u i r e  spec ia l  unique tooling. Due to  the small quant i t ies  involved, 
all p a r t s  would be produced on a mode l  shop  b a s i s  with highly sk i l led  
mach in i s t s  (mode l  m a k e r s )  per forming  the ac tua l  work .  Texas Ins t rumen t s  
h a s  a comple t e ,  m o d e r n  fabr ica t ion  faci l i ty  that  h a s  b e e n  engaged i n  
a e r o s p a c e  product ion f o r  s e v e r a l  y e a r s .  All  equipment  in  this  fac i l i ty  is c o m -  
pany-owned and no additions of government  -owned machine  tools  a r e  f o r e s e e n .  

During the des ign  p h a s e ,  p a r t s  wi l l  b e  eva lua ted  f o r  producibi l i ty  and 
tooling wil l  be  developed along w i t h  the p a r t s  to e n s u r e  repea tab i l i ty  of 
f ab r i ca t ion  and the  highest  possible quali ty in  the end i tem.  

Product ion P lan  

A s  previous ly  mentioned, due to the l imi ted  quantity involved, p a r t s  
wi l l  b e  fabr ica ted  on a model  shop basis o r  in a s h o r t - r u n  product ion faci l i ty  
within the ma in  fabr ica t ion  shop. T h e s e  shops  a r e  s taffed with the m o r e  highly 
sk i l led  machin is t s  who a r e  capable of producing highly complex  p a r t s  with 
m i n i m u m  tooling. Fabr ica t ion  of p a r t s  f o r  the engineer ing  model  wil l  be 
mon i to red  and the r e q u i r e d  changes,  along with improvemen t s ,  wil l  be 
inco rpora t ed  in the des ign  p r i o r  to product ion of the f l ight  uni ts .  

The manufac tu re r  of the R F  building block wi l l  u t i l i ze  the m o s t  r ecen t  
deve lopments  in  t r a n s i s t o r ,  diode and th in- f i lm technology. C lean rooms  a r e  
to  be ut i l ized in  the areas of photo mask ing ,  etching and evapora t ion  of the 
thin film. 

At the p r e s e n t  t i m e  all of the r e q u i r e d  e l e c t r i c a l  t e s t  equipment  i s  on 
hand with the exception of a cus tom des ign  a l t i m e t e r  t e s t  s e t  which wi l l  be 
produced  p r i o r  to the comple t ion  of the r a d a r  a l t i m e t e r .  

7 



Assembly  P lan  c 

The des ignof  the a l t ime te r  lends  i t se l f  r ead i ly  to a s sembly .  The R F  
building block will be a s s e m b l e d  in  a c l ean  a r e a  and a f t e r  comple t ion  of f inal  
t e s t s ,  wil l  be he rme t i ca l ly  sea l ed  in  a n  i n e r t  (n i t rogen)  a tmosphe re .  The 
s e v e r a l  functional modules  wil l  be a s s e m b l e d  and t e s t e d  p r i o r  to ins ta l la t ion  
into the a l t ime te r .  All of the component p a r t s  a r e  of the type that  have  p r e -  
viously been  a s sembled  at  Texas Ins t rumen t s  f o r  s p a c e c r a f t  appl icat ion,  
except fo r  the radiating e lement  which i n c o r p o r a t e s  the R F  building block. 
The cons t ruc t ion  of this unit r e q u i r e s  pe rmanen t  connect ions of a l l  p a r t s  
r a t h e r  than plug-in a s s e m b l i e s ,  and a p r o g r e s s i v e  a s s e m b l y  t e s t  p r o c e d u r e  
wil l  be formulated t o  e n s u r e  that  all of the components  a r e  functioning 
p rope r ly  as they a r e  ins ta l led .  At each  s t age  of a s s e m b l y ,  the unit w i l l  be 
t e s t ed  p r i o r  to  continuing to  the next level .  

A prefabr ica ted  wi r ing  h a r n e s s  wil l  provide a l l  of the in te rconnec t ions  
between the var ious  functional a s s e m b l i e s .  The  design of the unit al lows f o r  
e a s y  a c c e s s  to each box fo r  connection to the h a r n e s s .  As  each  module i s  
a s sembled  to the unit, i t  wi l l  again be t e s t ed  to e n s u r e  a r e l i ab le  connect ion,  

The assembly  and p re l imina ry  tes t ing  of the  a l t i m e t e r  wil l  be conducted 
in a hor izonta l  l aminar  flow c lean  room,  which exceeds  the r e q u i r e m e n t s  of 
F e d e r a l  Standard N o .  209, C l a s s  100, 000. The c lose ly  cont ro l led  envi ron-  
men t  wil l  great ly  reduce  the probabili ty of e n t r a p m e n t  of b a c t e r i a  and m i c r o -  
o rgan i sms .  The a s sembly  and t e s t  p rocedures  wil l  be developed f o r  m i n i m u m  
contaminat ion af ter  f inal  s te r i l i za t ion .  



ENVIRONMENTAL TEST PROGRAM PLAN 

S u m m a r y  

. 

E x a c t  conditions f o r  environmental  t es t ing  of the a l t i m e t e r  a t  a s y s t e m s  
leve l  have not been p rec i se ly  defined. The envi ronments  l i s ted  in th i s  r e p o r t  
a r e  expected to  be closely representa t ive  of the  ac tua l  t e s t ing  conditions to  be 
del ineated by firm specif icat ions w r i t t e n  for  a subsequent  development  p ro -  
g r a m .  A table  of environmental  t e s t s  is included, which l i s t s  expected t e s t  
l eve ls  fo r  va r ious  a l t ime te r  a s s e m b l y  type approval  and f l ight  approval  tests. 

Environmental  T e s t  P l a n  

The  RADAR ALTIMETER wil l  be subjec ted  to the a s sembly - l eve l  
envi ronmenta l  tests a s  indicated by Table  I. T h e s e  t e s t s  cons i s t  of type 
approval ,  f l ight approval,  and life tes t ing.  The t e s t  and the expected leve ls  
thereof  a r e  l is ted and a r e  based  upon avai lable  informat ion  and specif icat ions 
( r e f e r e n c e s  1, 2, 3 )  applicable to  the fl ight mi s s ion .  Due t o  the  lack  of lander  
de t a i l s  and o ther  envi ronment  information, the  leve ls  for  s e v e r a l  t e s t s  have 
been  omi t ted  and it is  a s s u m e d  that the detai led equipment  specif icat ion wil l  
include th i s  information.  The e f f o r t  to  p e r f o r m  the tes t ing  pe r  Table  I, has  
been  included in  the cos t s  specified e l sewhere .  

It is planned that the use  of the gove rnmen t  fac i l i t i es  wi l l  be r e q u i r e d  
to p e r f o r m  c e r t a i n  t e s t s  f o r  which fac i l i t i es  a r e  not avai lable  at Texas  
Ins t rumen t s ,  o r  for  t e s t s  which r e q u i r e  tes t ing i n  conjunction with o ther  
a s s e m b l i e s  a n d / o r  the P r o b e / L a n d e r  itself. This  r e q u i r e m e n t  i s  shown i n  
Table  I. 
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FLIGHT TEST QUALIFICATION P L A N  

S u m m a r y  f 

An a t t empt  to devise  a s imula t ed  f l ight  t e s t  f o r  the Mar t i an  l ande r  is 
contained in th i s  r epor t .  After analyzing s e v e r a l  me thods  of f l ight  t e s t s  
including a plane drop,  a balloon launch,  a n d  a sounding rocket ,  it w a s  shown 
f rom:a  cos t  and  operat ional  standpoint,  that  the  bal loon d r o p  w a s  the  m o s t  
feas ib le  method of tes t ing  the  a l t i m e t e r .  T h e  p lane  d r o p  and  sounding rocke t  
t e s t s  fall s h o r t  of meet ing the r e q u i r e d  t e s t  p a r a m e t e r s ,  tha t  i s ,  at a d e s c e n t  
a l t i tude of 50 000 f e e t ,  the  veloci ty  m u s t  be 3000 m e t e r s  p e r  second and  the 
fl ight vec to r  m u s t  m a k e  a n  angle  of 30  d e g r e e s  with the  hor izonta l .  One 
pa r t i cu la r  unresolved p rob lem is se lec t ion  of the b e s t  r a d o m e  material f o r  
use during the r e - e n t r y  phase .  This  m a t e r i a l  m u s t  p ro t ec t  the a l t i m e t e r  a n d  
the o ther  t e s t  package c i r c u i t r y  f r o m  the ae rodynamic  heating a n d  at the  s a m e  
time be t r anspa ren t  t o  x-band mic rowave  rad ia t ion .  The  nose cone  m u s t  also 
p r e s e n t  a f a i r ly  low d r a g  coefficient f o r  the test rocke t  s o  tha t  the  d e s i r e d  
ve loc i t ies  c a n  be obtained. 

Introduction 

Fl ight  qualification of the M a r s  r a d a r  a l t i m e t e r  r e q u i r e s  a s imula t ed  
p l ane ta ry  r e -en t ry .  This  s imula t ion  is t o  be  ach ieved  by placing the  a l t i m e t e r  
t e s t  package i n  a t r a j e c t o r y  such  tha t  at a n  a l t i tude  of 50  000 f ee t ,  its ve loc i ty  
is 10  000 f t / s e c  at a n  angle  of 60 d e g r e e s  with the ve r t i ca l .  While th i s  condi t ion 
is not a n  exceptionally s e v e r e  one f r o m  a n  ae rodynamic  heating s tandpoint ,  
it does  co r re spond  to  a f r e e  s t r e a m  stagnat ion t e m p e r a t u r e  of 6900"R.  Since 
the  heat  t r a n s f e r  to the t e s t  package nose  cone is approximate ly  propor t iona l  
t o  the  d i f f e rence  between this va lue  and  the test package  wa l l  t e m p e r a t u r e ,  
the des ign  of the  t h e r m a l  pro tec t ion  s y s t e m  wi l l  be a n  impor t an t  p a r t  of t h e  
package design.  

In o r d e r  t o  achieve the d e s i r e d  veloci ty  at 50  000 f e e t  with the m o s t  
economica l  rocke t  m o t o r ,  it is n e c e s s a r y  t o  use  the s m a l l e s t  physical ly  
r ea l i zab le  d r a g  coefficient (CD).  A C D  of 0 .1  w a s  a s s u m e d  in the t r a j e c t o r y  
ana lys i s .  Conflicting with th i s  r equ i r emen t  is the des i rab i l i ty  t o  provide the 
nose  cone with the g r e a t e s t  poss ib le  r ad ius  of c u r v a t u r e  because  s tagnat ion 
hea t  t r a n s f e r  due to convect ion is inve r se ly  p ropor t iona l  to  radius  of c u r v a t u r e .  
Such a nose  cone would give a d r a g  coefficient of unity and  a n  o v e r a l l  d rag  
coeff ic ient  g r e a t e r  than  one because  of t h e  f r i c t ion  d r a g  of t he  a f te rbody.  The 
only c o m p r o m i s e  ava i lab le  is t o  use  a n  ogival  nose  cone  which provides  
m i n i m u m  d r a g  with a rounded t ip .  The  r ad ius  of the t i p  would be  max imized  
subjec t  t o  the condition that  CD b e  less than  o r  equa l  t o  0 .1 .  



Since the t e s t  package nose cone  m u s t  be t r a n s p a r e n t  t o  rad ia t ion  a t  
x-band f r e q u e n c i e s ,  the  use  of a me ta l l i c  heats ink-conduct ion-reradiat ion 
type of t h e r m a l  protect ion is immedia te ly  ru l ed  out i n  f avor  of a n  ab la t ive  
pro tec t icn  techniqne.  The  m o s t  e f f ic ien t  of the ab la t ion  m a t e r i a l s  a r e  the c h a r  
f o r m i n g  r e s i n s  exempl i f ied  b y  phenolic nylon. Upon exposure  to  a l a r g e  hea t  
f lux ,  th i s  m a t e r i a l  f o r m s  a highly r e f r a c t o r y  c h a r  l a y e r  tha t  c a n  sus t a in  a 
high s u r f a c e  t e m p e r a t u r e  while  the v i r g i n  m a t e r i a l  s e r v e s  as  a good insu la to r .  
T h i s  c h a r  l a y e r ,  however ,  has  been  found t o  s e r i o u s l y  a t tenuate  r a d i o  

4 f r equenc ie s .  Accord ing  t o  a NASA technica l  r e p o r t  b y  Dow a n d  o t h e r s  , 
phenolic nylon c h a r  a t tenuated  950 MHz t o  a leve l  of 30  dB.  Attenuat ion of 
t h i s  magni tude  wi l l  not b e  acceptab le .  A number  of ab la t ive  m a t e r i a l s  a r e  
available which a re  r easonab ly  t r a n s p a r e n t  a t  x -band f r equenc ie s .  Due t o  the  
in te rac t ion  of the nose cone  t h e r m a l ,  s t r u c t u r a l ,  a n d  d i e l ec t r i c  p r o p e r t i e s ,  
a f ina l  m a t e r i a l  se lec t ion  wil l  be made concur ren t ly  with the opt imizat ion of 
the t r a j e c t o r y ,  nose  cone shape ,  a n d  payload configurat ion.  

A t  the ve loc i t ies  encountered in  th i s  t e s t ,  the  g a s  between the bow shock  
f ront  a n d  t h e  nose cone ,  whi le  it is hot enough f o r  oxygen d issoc ia t ion  to  begin ,  
i s  not nea r ly  hot enough f o r  ionization. T h e  bow shock  wi l l  t h e r e f o r e  not 
i n t e r f e r e  wi th  t r a n s m i s s i o n  of rad io  f r equency  ene rgy .  

Theore t i ca l  mode l s  fo r  heat t r a n s f e r  between m o d e r a t e l y  high t e m p e r a -  
t u r e  bow shock  l a y e r s  a n d  subl iming o r  c h a r r i n g  a b l a t o r s  a r e  wel l  known and  
a re  sufficiently a c c u r a t e  f o r  nose cone  des ign .  Veloci t ies  a r e  low enough s o  
tha t  hea t  t r a n s f e r  by  r ad ia t ion  f r o m  the  shock  l a y e r  t o  the nose  cone  m a y  be 
neglected a n d  a l s o  the  d e g r e e  of d i ssoc ia t ion  is small enough s o  tha t  t h i s  m a y  
be neglected without s ignif icant  e r r o r .  T h e  boundary  conditions of the con-  
vective g a s  boundary  l a y e r  and  those of the nose cone  m a y  be ma tched  at the  
ablat ing sur face  by the method developed by  Rober t s5 .  Th i s  technique wi l l  
al low calculat ion of s u r f a c e  t e m p e r a t u r e  of the  nose cone  and  t e m p e r a t u r e  
d is t r ibu t ion  in  the  v i r g i n  ma te r i a l .  The  second  r e q u i r e s  the  choice  of a n  
ab la t ive  material which i s  t r a n s p a r e n t  t o  r a d i o  f r equenc ie s .  In s u m m a r y  it 
a p p e a r s  tha t  the  e m p h a s i s  of t h e r m a l  des ign  wi l l  rest  on two m a j o r  a reas .  
One involves the de t e rmina t ion  of a nose  cone  prof i le  tha t  p rovides  the  r e q u i r e d  
low d r a g  coeff ic ient  while  keeping s tagnat ion  point hea t  t r a n s f e r  as  low as  
poss ib le .  The  o the r  m a j o r  area of des ign  e f fo r t  l ies i n  the se l ec t ion  of a n  
ab la t ive  m a t e r i a l  tha t  p rovides  the needed  t h e r m a l  pro tec t ion  a n d  is a l s o  
re l a t  iv e ly t r a ns p a r  e nt a t  x -band f r e que nc i e s . 

Flight T e s t  P l a n  

T h e  pu rpose  of the  f l ight  tes t  p lan ,  which  wi l l  be conducted i n  the  e a r t h ' s  
a t m o s p h e r e ,  is t o  s i m u l a t e  w o r s t - c a s e  e n t r y  into the  Mar t i an  a t m o s p h e r e .  
Since the  densi ty  of E a r t h ' s  a t m o s p h e r e  is ,  in  g e n e r a l ,  m u c h  g r e a t e r  than 
that  of M a r s ,  the e n t r y  prof i le  of t he  capsu le  into E a r t h ' s  a t m o s p h e r e  wi l l  b e  
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Figure  3 .  Sounding Rocket  Configuration 

cons iderably  different than that  of a Mar t i an  e n t r y .  The  f l ight  t e s t  plan r e q u i r e -  
men t  is to  produce a veloci ty  of 9840 f t / s e c  ( 3  K m / s e c . )  a t  a n  angle  of 60 
d e g r e e s  to  the  ve r t i ca l  at 50 800 feet  (15 .5  Km).  T h r e e  poss ib i l i t i es  w e r e  
invest igated f o r  obtaining th i s  a l t i tude-veloci ty  r e q u i r e m e n t  with the conclusion 
tha t  a bal loon drop followed by a sol id  rocke t  b u r n  would be  the  s i m p l e s t  and  
m o s t  r e l i ab le  method of meet ing  the t e s t  plan r e q u i r e m e n t .  

T h e  t e s t  plan contains  a n  ana lys i s  of the v a r i o u s  test  me thods ,  a n  
outline of the supporting payload r e q u i r e m e n t s ,  a rev iew of t he  heating p rob lem,  
and  a s t a t e m e n t  of the compatibi l i ty  of the WSMR support ing equipment  with 
the data rates of the payload. The  t e s t  method cons idera t ion  r ece ived  e m p h a s i s  
because  of the  c r i t i ca l  cos t  and  p e r f o r m a n c e  f a c t o r s .  

T e s t  Method Cons idera t ions .  - 
These  w e r e :  sounding rocke t  launch, a i r c r a f t  launch, and balloon launch. 
E a c h  was followed by a sol id  rocke t  burn.  

T h r e e  t e s t  methods  w e r e  invest igated.  

The configuration f o r  a sounding rocke t  launch  is shown on F igure  3 .  
The at t i tude control  s y s t e m  and r e c o v e r y  package a r e  those  no rma l ly  suppl ied 
with the Aerobee  150 sounding rocke t  s y s t e m .  The Thiokol TE-M-444 boos ter  
was chosen  so  that it would fi t  within the nominal  15-inch payload envelope 
of the  Aerobee  150. 



. 

T h e  c o s t s  of the s y s t e m  a s  shown is  93 000 do l l a r s  f o r  the pu rchased  
i t e m s :  

$ 4 000 Recove ry  Sys t em 
16  000 TE-M-444 Rocket 
33 000 Aerobee  150 
40 000 Atti tude Cont ro l  Sys tem 

$93 000 

The sequence of events  in the sounding rocke t  launch-re-en t ry  would 
be as  follows. The  Aerobee  150 would be launched a t  a n  80 -degree  angle  f r o m  
the horizontal  ( 8 0  d e g r e e s  is the l imi t ing  angle  due i n  p a r t  t o  the launch tower  
s t r u c t u r e  and  in p a r t  t o  the  aerodynamic  heating of the fin leading e d g e s ) .  
Th i s  angle  should be  min imized  in o r d e r  t o  provide approximate ly  3000 f t / s e c  
hor izonta l  speed  a t  apogee ,  which would be diff icul t  i f  not imposs ib l e  to  
ach ieve .  At apogee,  the  al t i tude con t ro l  s y s t e m  would s top  the spin,  r e o r i e n t  
the vehic le ,  then r e - sp in  in  a new d i r ec t ion  f o r  f inal  burn.  A s  the vehicle  
approaches  the a t m o s p h e r e ,  the payload,  a l t i tude cont ro l  s y s t e m ,  and  r e c o v e r y  
s y s t e m  would s e p a r a t e  f r o m  the Aerobee  150. The so l id  moto r  would then f i r e  
t o  produce  a to t a l  horizontal  velocity of 9000 f t / s e c .  A s  soon  as  the  package 
r e a c h e s  equi l ibr ium veloci ty  the empty  rocke t  mo to r  and  at t i tude con t ro l  s y s t e m  
would be  je t t isoned.  Immediately t h e r e a f t e r  the r e c o v e r y  s y s t e m  wil l  be 
deployed to  br ing the s y s t e m  to  a soft  landing. The range  r equ i r ed  f o r  this  
launch i s  in e x c e s s  of 300 m i l e s ,  which is within the capabi l i ty  of White Sands 
Miss i l e  Range (WSMR). 

F igu re  4 a  and b shows a typical  c u r v e  of the velocity vs  a l t i tude for 
th i s  en t ry .  Note the reg ion  of high dece le ra t ion  in  the reg ion  beginning a t  
70  000 fee t .  

F igu re  5 shows the angle  between the r e - e n t r y  package velocity vec tor  
and  the  horizontal .  Due to the high v e r t i c a l  veloci ty  component ,  the d e s i r e d  
angle  of 60 deg rees  is  not achieved.  T h i s  is because  the v e r t i c a l  veloci ty  
g e n e r a t e d  by gravi ty  in  fa l l ing f r o m  the  apogee of t h e  Aerobee  is l a r g e  c o m -  
p a r e d  to  the horizontal  component.  It i s  a s s u m e d  tha t  the Aerobee  was  
launched a t  the 80-degree  angle ,  a n d  a r ange  r a t e  of 2540 f t / s e c  was  obtained 
a t  apogee ;  th i s  was followed by a 5041 f t / s e c  component of range  r a t e  obtained 
f r o m  the  sol id  rocke t  m o t o r .  A l a r g e r  sol id  m o t o r  might  be  used  to  obtain 
the d e s i r e d  range  r a t e ,  but th i s  would exceed  the 15-inch payload envelope 
ava i lab le  with the  A e r o b e e  150; a development  p r o g r a m  r e q u i r e d  to adapt  the 
payload envelope f o r  a 20-inch motor  would be too cos t ly .  In conclusion i t  was  
de t e rmined  tha t  a 60 -degree  angle f r o m  the v e r t i c a l  a t  r e - e n t r y  is not f e a s i b l e  
a t  50 800 fee t  a l t i tude with the d e s i r e d  e n t r y  ve loc i ty .  
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The configurat ion f o r  a n  a i r c r a f t  launch cons i s t s  of a Thiokol TE-M-442 
b o o s t e r ,  a n  Aerobee  150 r ecove ry  package ,  plus  the  payload. Th i s  s i m p l e  
configurat ion has  a to ta l  c o s t  of p u r c h a s e d  items of 34 000 dollars: 4 000 
do l l a r s  fo r  the r ecove ry  s y s t e m  and  30 000 d o l l a r s  f o r  the so l id  s t age .  The  
chronology of a n  a i r c r a f t  launch begins  with a d r o p  f r o m  a n  a i r c r a f t  in  a 
pi tched up att i tude a t  a n  al t i tude of 53 000 f ee t .  The  so l id  rocke t  m o t o r  would 
d rop  t o  a minimum al t i tude of 52 000 f e e t  f o r  s a f e t y  pu rposes .  Rocket  ignit ion 
would occur  in  a n  a t t i tude such  that  it ga ins  a l t i tude  t o  expe r i ence  lower  d r a g .  
The  t r a j e c t o r y  then a r c s  ove r  ba l l i s t ica l ly  S O  tha t  the r e - e n t r y  package 
approaches  the a tmosphe re  making a 60 -degree  angle  with the v e r t i c a l .  

F igu re  6 shows the r e s u l t s  of a compute r  s imula t ion  indicating the 
velocity as a function of a l t i tude f o r  the a i r p l a n e  d rop .  F i g u r e  7 shows a 
s imula t ion  of velocity angle  with r e s p e c t  to  the hor izonta l  as a function of 
a l t i tude.  Note that the  to ta l  veloci ty  achieved  m e e t s  the  specif icat ions of the  
fl ight t e s t .  The  angle ach ieved  a t  50 000 f e e t  is f a r  too small. F r o m  the two 
veloci ty  c u r v e s  shown, it is obvious that a launch a t  any  h igher  ini t ia l  angle  
wil l  produce a lower veloci ty  and that  a launch a t  any  lower  angle  wi l l  p roduce  
a lower  f ina l  angle a t  50 000 fee t .  If the a i r c r a f t  could c a r r y  the payload t o  a n  

( such  as  the Surveyor  m a i n  Ret ro-Rocket )  w e r e  employed a t  52 000 f ee t ,  a 
higher angle  could be achieved .  However ,  f o r  a so l id  rocke t  s u c h  as is de- 
s c r i b e d ,  i t  is not possible  to  achieve  the r e q u i r e m e n t s  of the t e s t  spec i f ica t ions .  

a l t i tude above 7 0  000 fee t  o r  i f  a much heavier  and  m o r e  cos t ly  so l id  boos t e r  L 

The configuration f o r  the  balloon launch is shown on F i g u r e  8 .  Note 
tha t  the  only difference between this  configurat ion and  tha t  used  i n  the  a i r -  
c r a f t  launch is the balloon and  a s s o c i a t e d  con t ro l  s y s t e m  which would be  
built  by Texas  Ins t ruments .  The  so l id  s tage  is the TE-M-442 d i s c u s s e d  
previously a n d  the r e c o v e r y  s y s t e m  is that used  on  the  Aerobee  150. The  
balloon is  a 3 -mill ion cubic foot capaci ty  bal loon manufac tured  by Schjeldahl .  
The cos t  of th i s  s y s t e m  is i t emized  as  follows: 

$ 2 5  000 .00  Balloon 

30 000.00  Boos te r  
4 000 .00  Recove ry  S y s t e m  

$ 5 9  000.00  

The  sequence of events  for  the balloon launch would be  as  fol lows.  The  
t h r u s t  l ine ,  being p r e s e t  in e levat ion on the  ground,  would be  a l igned  in 
az imuth  at 85 000 fee t  by a s m a l l  az imuth  con t ro l  unit using the  E a r t h ' s  m a g -  
netic f ie ld  a s  a s e n s o r  a n d  g a s  j e t s  as  a c t u a t o r s .  The  r e - e n t r y  vehic le  would 
be r e l e a s e d  between 85 000 a n d  90 000 f e e t  and  the  so l id  s t age  would i m m e -  
diately ignite and b u r n  f o r  17 .5  seconds .  A s  soon  as the vehic le  r e a c h e s  
equi l ibr ium velocity the rocke t  mo to r  wi l l  b e  je t t i soned  and  the  r e c o v e r y  



. 

N 
c 

0 
c 

0 
0 
0 - 

0 
0 
a2 

0 
0 
ID 

E 
m 
0 - 
v 

W 
0 
3 

!- 
-I 
4 

c- 

0 
0 
d 

0 
0 
N 

N 0 0  

2 
VI 

u 
0 

e: 
M 
c 

..4 a 
r! 
3 
0 
VI 

cd 
9 
a, 
i l  
9 
M 

Lzr 
.rl 

17  



0 
0 - 

0 m 

0 
u) 

- 
t 
0 
m 

v 

W 
0 
3 

I- 
t 
< 

0 * 

0 
N 

N 
9-l 
0 

N 
c, 
Q, 

h 
c, 
.rl 

M 
c 
a 
c 
3 
0 
m 

.-I 



. 

0 
m 0 

N 

0 
0 - 

0 
m 

0 
(D 

?. 

t 
m 
0 - 
v 

W 

3 

I- 
-I 

t 
a 

0 
rl 

0 
N 

o 
0 

k 
0 

V 
a, 

* 

> c  
0 * .r( 

M 
.r( 

Gc 



I 
P N 0 m W P N - I P - 

20 

0 

0 
N 

0 
c 

0 
0 - 

0 
a, 

0 m 

- 
L 

I ? ”  

w 
L 

0 
m 

w 
3 

I- 
-I 
d 

n 

t 

0 
0 

0 
v) 

0 
9 

0 
m 

0 
N 



N 
0 0 

N 

0 
N - 

0 
0 - 

0 m 

t 
m 
0 - 
v 

W 
0 
3 

I- 
t 
a 

0 
(D 

D * 

3 

2 1  



3 MILLION 
CUBIC FT 
BALLOON 

RADAR 
.T IMETER 

Figure  8. Balloon Configuration 

s y s t e m  wil l  be displayed to  effect  a soft landing. F i g u r e s  9 through 14 show 
the per t inent  p a r a m e t e r s  of a typical  en t ry .  The  d e s i r e d  veloci ty  a l t i tude  
conditions a r e  met .  Note tha t  immedia te ly  following moto r  b u r n ,  a t r e m e n d o u s  
dece lera t ion  of the vehic le  would occur  due to  a t m o s p h e r i c  d r a g .  The payload 
m u s t  be s t r e s s e d  t o  allow f o r  this  dece le ra t ion  which o c c u r s  when the m o s t  
impor tan t  t e s t  data is being col lected.  

The  g loading, a s  shown on F i g u r e  1 3 ,  r e a c h e s  on  the o r d e r  of 100  
during the  per iod  that  the veloci ty  d e c r e a s e s  f r o m  1 0  000 f t / s e c  to  3000 f t / s e c -  
a t i m e  in t e rva l  of 5 seconds .  It should b e  e m p h a s i z e d  that  t h i s  s imula t ion  is 
m o r e  than adequate to  prove  the s t r u c t u r a l  in tegr i ty  of the a l t i m e t e r  f o r  a 
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M a r s  landing. Using a balloon launch va r ious  angles  of e n t r y  and  ve loc i t ies  
could be s imula t ed  by vary ing  the launch  a l t i tude ,  ini t ia l  e leva t ion  angle  of 
the th rus t  l ine ,  a n d  dura t ion  of motor bu rn  in any combinat ion.  While th i s  
method of t e s t  w a s  iiot the l e a s t  expens ive ,  i t  is the  s i m p l e s t  a n d  m o s t  
r e l i ab le  way of meet ing  t h e  t e s t  object ives .  

Launch Si te .  - The White Sands Miss i l e  Range is the launch site for  
th i s  vehicle  s ince  i t  provides  a t e r r a i n  tha t  m o s t  c lose ly  s imula t e s  the 
Mar t i an  t e r r a i n .  In addition to having the n e c e s s a r y  da ta  reduct ion capabili ty,  
as d i scussed  in another  sec t ion  of this  r e p o r t ,  the  balloons m a y  be furn ished  
by Holloman Air F o r c e  Base  as GSE i f  it is d e s i r e d  to  reduce  CFE.  

Supporting Payload 

The  support ing payload equipment provides  the  suppor t  needed t o  
success fu l ly  conduct t h e  f l ight  tes t .  The funct ions of the  support ing payload 
include command  and  cont ro l ,  at t i tude monitor ing a n d / o r  con t ro l ,  power 
supp l i e s ,  the r e c o v e r y  s y s t e m ,  and t e l e m e t r y  a n d  data  handling. The  r e q u i r e -  
m e n t s  depend on the  vehicle  and t h e  se l ec t ed  f l ight  t e s t  technique.  The 
following d i scuss ion  is or ien ted  to the r ecommended  fl ight t e s t  system-the 
balloon launch. 

The  balloon launch wi l l  r equ i r e  a c o m m a n d  and  cont ro l  l ink and  a n  
az imuth  con t ro l  unit unique t o  the c h a r a c t e r i s t i c  of the  balloon launch. The 
c o m m a n d  and  cont ro l  l ink wi l l  provide the monitor ing a n d  c o m m a n d  capabi l i ty  
t o  launch the vehic le  a t  the des i r ed  posi t ion and  a l t i tude .  The az imuth  con t ro l  
s y s t e m  wil l  a l ign the  vehic le  in  the d e s i r e d  d i r ec t ion  p r i o r  t o  the launch. 
S ta tus  data  on the vehicle  and the balloon s y s t e m  wi l l  be  mon i to red  continuously 
p r i o r  to  launch. The  c o m m a n d  link m u s t  be a s e c u r e  s y s t e m  t o  prevent  a c c i -  
denta l  f i r ing  of the vehic le .  The  az imuth  con t ro l  s y s t e m  c a n  b e  a s imple  
magne tomete r  coupled to  a gas je t  con t ro l  s y s t e m .  

A r e c o v e r y  s y s t e m  o r  technique must b e  provided t o  r e c o v e r  the payload 
in  c a s e  of a bal loon f a i l u r e  o r  the o c c u r r e n c e  of o the r  conditions tha t  p revent  
the vehic le  launch. 

The vehicle  support ing subsys t em wi l l  contain the funct ions outlined in  
the in t roductory  pa rag raph .  The  t e l e m e t r y  and  da ta  handling equipment  wil l  
co l lec t ,  encode ( i f  r e q u i r e d ) ,  fo rma t ,  a n d  provide  the composi te  data t o  the 
transmitter. The  output data f r o m  the altimeter is a b ina ry  word  e v e r y  
500X 10-6 second.  This  da ta  will b e  buffered,  r e fo rma t t ed ,  and used  
to pulse code modula te  the t r ansmi t t e r .  

The  house keeping a n d  suppor t  data  c a n  be handled as p c m  or  fm/ fm 
modulation. 
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The command and cont ro l  unit contains  the p r o g r a m m e r  , t i m e r  , 
r e c e i v e r  , and decoder .  T h e s e  funct ional  i t e m s  provide  for  a l l  p r o g r a m m e d  
and command  control .  The ignition command  sequence  wil l  be des igned  t o  
prevent  accidental  or p r e m a t u r e  ignition of the rocke t  mo to r .  The c o m m a n d  
to  fire the motor  w i l l  in i t ia te  the p r o g r a m m e r  which con t ro l s  the sequence  of 
events  f r o m  motor ignition t o  r ecove ry  s y s t e m  deployment .  

The attitude cont ro l  and  monitor ing unit p rovides  information to  con t ro l  
the vehicle  t r a j ec to ry  and data  on  the vehicle  a t t i tude  tha t  m a y  be  r e q u i r e d  to  
evaluate  the  per formance  of the a l t i m e t e r .  The  de ta i l s  of the at t i tude con t ro l  
and  monitor ing unit will  depend on the de ta i l s  of t h e  vehic le  implementat ion.  
A sun  s e n s o r  a n d / o r  m a g n e t o m e t e r s  can  be used  t o  m e a s u r e  payload a t t i tude .  

The power sou rce  and  conditioning f o r  the vehic le  wil l  be suppl ied by 
s i l v e r  c a d m i u m  bat te ry  pack and  a conve r t e r  - r egu la to r  s y s t e m ,  respec t ive ly .  

The c i r cu i t  des ign  e f f o r t  on the support ing payload equipment  wi l l  be 
min imized  by designing around existing ha rdware .  T h e  t e l e m e t r y  s y s t e m  wil l  
be a s s e m b l e d  f r o m  off- the-shelf  a s s e m b l i e s .  A few i t e m s ,  such  as the 
p r o g r a m m e r ,  will r e q u i r e  s o m e  de ta i l  design e f f o r t .  T h e  design ac t iv i t ies  
on the few spec ia l  items w i l l  be  l imi ted  p r i m a r i l y  to logic  des ign .  

Basel ine Altitude. - An independent m e a s u r e m e n t  of vehicle a l t i tude 
as a function of t ime m u s t  be m a d e  to  provide a basel ine for  evaluating 
a l t ime te r  per formance .  The u s e  of r ange  ins t rumenta t ion  to m e a s u r e  the 
vehicle t r a j ec to ry  and the r ange  da ta  p rocess ing  capabi l i ty  to compute 
alt i tude appea r s  to r e p r e s e n t  the op t imum procedure .  The cinetheodolites and 
r a d a r  s y s t e m s  have position a c c u r a c i e s  of  5 to 15 fee t  and 15 to 330 feet ,  
respec t ive ly ,  in the boost phase  (above 15 000 fee t ) .  The AN/FPS-16 has  
a m a x i m u m  s lan t  r ange  of 570 m i l e s .  The cinetheodolite has  an  ave rage  
m a x i m u m  operat ional  alt i tude of 60 000 fee t .  A combination of the opt ica l  
and r a d a r  r ange  instrumentat ion should provide da t a  fo r  a c c u r a t e  a l t i tude 
calculat ions.  

The geodetic s e r v i c e s  at the  WSMR wil l  be r equ i r ed  to provide the  
da ta  to  c o r r e c t  f o r  d i f fe rences  in a l t i tude of the r ange  ins t rumenta t ion  and 
the s u r f a c e  f r o m  which the  a l t i m e t e r  is opera t ing .  

Capabili ty of White Sands Miss i l e  Range 
With Al t imeter  T e s t  Requ i remen t  

The  present  range  t e l e m e t r y  capabi l i t i es  of WSMR should allow the 
r e a l - t i m e  collection of both a l t i m e t e r  output a n d  status data .  The r ange  p c m  
t e l e m e t r y  capabili ty of 50 kbps i s  wel l  in e x c e s s  of the  22  kbps.  A l t ime te r  
output and  c o m m e r c i a l  fm/fm could be  employed fo r  the s t a tus  channels .  
This  r e a l - t i m e  capabili ty should r e m o v e  any  necess i ty  f o r  data  s to rage  i n  the 



t e s t  vehic le .  If such  a n  on-board s t o r a g e  s y s t e m  w e r e  included as  a back-up 
s y s t e m ,  it would cons i s t  of a tape r e c o r d e r  with a capac i ty  of 2 . 5  X 106 bits 
capable  of record ing  i n  the vehic les  mechanica l  envi ronment .  T h i s  r e c o r d e r  
would m o s t  probably b e  a modif ied f o r m  of a n  exis t ing " rocket  r eco rde r l l  
des igned  for this  c l a s s  of operat ion.  

Data P r o c e s s i n g .  - Determinat ion of the pe r fo rmance  of the a l t i m e t e r  
could be obtained a t  the r ange  by compar ing  the t e l e m e t r y  da t a  to  r ange -  
suppl ied t racking  da ta .  The r equ i r ed  computation could bes t  be done on the 
d a t a  p rocess ing  equipment  available a t  WSMR, which is s e t  up to  p r o c e s s  the 
t r ack ing  da ta  inputs .  The d a t a  p rocess ing  fac i l i t i es  at WSMR include one 
IBM 7094, two IBM 7044 ' s ,  and eight IBM 1401 ' s .  

FACILITIES PLAN 

Major  faci l i t ies  r e q u i r e d  for  fabr ica t ing  and tes t ing  the r a d a r  a l t i m e t e r  
a re  outlined he re in .  Some of the equipment  is ava i lab le  at Texas  Ins t rumen t s ,  
and is identified in  table  11. 

Descript ions of appl icable  fac i l i t i es  avai lable  at Texas  Ins t ruments  
follow. 

Flight T e s t s  

Volume 6 of t h i s  r e p o r t  l i s t s  equipment  n e c e s s a r y  f o r  a h igh-speed  
e n t r y  t e s t .  O the r ,  much s i m p l e r ,  f l ight t e s t s  c a n  be accompl ished  using a n  
a i rp l ane  with a high al t i tude ( a t  l ea s t  50 000 f ee t )  s e r v i c e  ce i l ing ,  The 
ins ta l la t ion  of the a l t i m e t e r  on the plane is eas i ly  accompl ished  a t  the  
Appara tus  Division Avionics Flight T e s t  C e n t e r ,  which w a s  e s t ab l i shed  i n  
1959 a t  Addison Ai rpor t ,  Dal las ,  Texas .  It h a s  comple te  capabi l i ty  f o r  
instal l ing:  modifying, and f l ight  tes t ing avionic s y s t e m s  and s u b s y s t e m s  of 
all types .  The m a i n  paved runway is 4 500 f e e t  long, 100 f e e t  wide,  with 
1 000 f ee t  of l ' c lear  zone.I '  The second o r  c r o s s - w i n d  runway is 3 200 f e e t  
long and 200 fee t  wide.  T h e r e  a r e  13 000 s q u a r e  f e e t  of hanga r  s p a c e ,  
32 000 s q u a r e  fee t  of r a m p  space  and 8 000 s q u a r e  f e e t  of a i r -condi t ioned  
l abora to ry  space .  Fac i l i t i e s  include a hydraul ic  t e s t  l abo ra to ry  and a mode l  
shop. A i r c r a f t  types  which have  been modif ied f o r  v a r i o u s  t e s t  p r o g r a m s  a r e  
Convai r  240, DC-3,  PBIG,  L - 2 0 ,  RL-23D,  B-25, R F - 6 6 ,  and h e l i c o p t e r s .  
All  n e c e s s a r y  s t r e s s  a n a l y s e s ,  e t c . ,  a r e  p e r f o r m e d  on each  p r o g r a m  by 
eng inee r s  located on the site. 
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Environmenta l  T e s t  

The  Apparatus  Division envi ronmenta l  test faci l i ty  is the l a r g e s t  p r i -  
vately owned facil i ty of th i s  type in the southwest.  Th i s  tes t ing  faci l i ty  can  
completely s imula te  the envi ronments  in which the  d iv i s ion ' s  products  wil l  be 
expected to  operate .  The  l abora to ry  provides  f ac i l i t i e s  t o  p e r f o r m  tests 
ranging f r o m  a single t e s t  of a component to  comple te  mi l i t a ry  qualifications 
of en t i r e  sys t ems .  T h e s e  f ac i l i t i e s  a r e  complemen ted  by a staff of eng inee r s  
and technicians to a s s i s t  in  es tabl ishing t e s t  methods and p repa r ing  test p r o -  
cedures ,  designing t e s t  f ix tures  and monitor ing devices ,  and conducting 
actual  tests in the labora tory .  Complete  envi ronmenta l  t es t ing ,  i. e . ,  t e m -  
p e r a t u r e -  altitude, t empera tu re -v ib ra t ion ,  humidity,  explosion, sand  and 
dust ,  s a l t  sp ray ,  acce lera t ion ,  vibrat ion,  shock, and RFI ,  can  be  conducted. 

E l e c t r i c a l  T e s t  

The Apparatus  Division h a s  s o m e  9 000 i t ems  of e l e c t r i c a l  t e s t  
equipment i n  use that  a r e  suppor ted  by a f o r m a l  per iodic  main tenance  and 
ca l ibra t ion  procedure .  All ca l ibra t ions  a r e  t r a c e a b l e  to  the B u r e a u  of 
S tandards .  All measurement - tak ing  devices  f o r  c u s t o m e r  acceptance  of 
equipment  a r e  ce r t i f i ed  as to ca l ibra t ion  and then  sea l ed  to  prevent  poss ib le  
tamper ing  by unauthorized p e r s o n s .  

The sys t ems  t e s t  g roup ,  repor t ing  to the Quality A s s u r a n c e  Branch ,  
is respons ib le  f o r  testing all products  before  de l ive ry  to the c u s t o m e r .  

Antenna RDT&E Faci l i t i es  

T e x a s  Ins t ruments  main ta ins  a complete  company-owned antenna tes t ing  
faci l i ty ,  located on a 350-ac re  s i t e  adjoining the  e x p r e s s w a y  complex.  The 
faci l i ty  h a s  th ree  outdoor r anges  and a labora tory ,  which houses  two anechoic 
c h a m b e r s  and a machine shop. In addition to  th i s  faci l i ty ,  the  company also 
has  a 5 700-foot r ange  in  nor thwes t  Dal las  county. 

A 200-foot r ange  and a 400-foot range ,  located a t  the  e x p r e s s w a y  
facil i ty,  a r e  used a s  pa t te rn  and prec is ion  bores ight ing  r anges .  The  other  
outdoor r ange  has a tu rn tab le  and is  mas t -moun ted  on a movable  c a r t  f o r  
adjusting the range length to  120 feet .  This  r ange  is  used  f o r  m o s t  uhf, vhf, 
and sca le -model  m e a s u r e m e n t s .  The 5 700-foot r ange ,  loca ted  at North Lake ,  
is used  f o r  evaluation of l a r g e - a p e r a t u r e  antennas.  



The anechoic chambers  a r e  11-1 /2  fee t  high, 11 fee t  wide; one i s  32 
f e e t  long and the other  20 f e e t  long. The des ign  of these  c h a m b e r s  provides  
a t  l ea s t  a -40-dB ref lec t iv i ty  level over  a f requency range  of 2 to 50  GHz. 
The use fu lness  of t hese  chambers  f o r  many antenna m e a s u r e m e n t s ,  however ,  
extends wel l  above and below this f requency  range .  These  c h a m b e r s  are 
gene ra l ly  used  to des ign  frequency-independent  antennas and components  fo r  
microwave  an tennas .  

All  the r anges  a r e  equipped with e i the r  Scientific Atlanta o r  Antlab 
r eco rd ing  equipment .  This equipment includes r o t a t o r s  and p a t t e r n  r e c o r d e r s  
which m a y  be switched to e i ther  a polar  o r  r ec t angu la r  c h a r t .  In addi t ion,  
t h r e e  supe r  -heterodyne r e c e i v e r s  and one p a t t e r n  in tegra tor  a r e  avai lable  
and may  be used on any range .  

The faci l i ty  is equipped with power ,  impedance ,  f r equency ,  and a t tenua-  
t ion  equipment that  c o v e r s  the frequency bands f r o m  10 MHz to 35 GHz. 
However ,  rad ia t ion  p a t t e r n  m e a s u r e m e n t s  a r e  gene ra l ly  m a d e  f r o m  15 MHz 
to 35 GHz. 

These  f ac i l i t i e s  a r e  complemented by a s ta f f  of eng inee r s  and technicians 
to a s s i s t  in  es tabl ishing t e s t  methods and p repa r ing  t e s t  p r o c e d u r e s ,  designing 
t e s t  f i x t u r e s ,  and conducting actual  t e s t s  on the r a n g e s .  

Fabr ic  a t ion  Fac i l i t i e s  

The component fabr ica t ion  shops  a r e  composed  of  mechanica l  model  
shop,  tool shop, s h o r t - r u n  machine shop,  product ion machine shop, shee t -  
m e t a l  shop,  e tched c i r cu i t  board shop,  heavy f ab r i ca t ion  shop,  and m e t a l  
f i n i sh  shop. The mechanica l  model shop provides  a s e r v i c e  to  engineer ing ,  
i n  development  and prototype work f o r  mechanica l  components  and s y s t e m s .  
The tool  shop m a k e s  too ls ,  d i e s ,  j i g s ,  and f i x t u r e s  f o r  use  in  the o ther  
f ab r i ca t ion  shops.  The s h o r t - r u n  machine shop is used  f o r  l imited-quant i ty  
product ion.  The shee t -me ta l  shop f a b r i c a t e s  all shee t -me ta l  components  and 
a s s e m b l i e s  and h a s  a s e p a r a t e  faci l i ty  fo r  f ab r i ca t ion  of e l ec t ron ic  equipment  
cabine ts  up to 24 by 48 by 84  inches.  The etched c i r c u i t  boa rd  shop h a s  
f ac i l i t i e s  fo r  making c i r c u i t  boards f r o m  c lad  l amina te s .  The heavy f a b r i c a -  
t ion  shop has fac i l i t i es  fo r  working and welding m a t e r i a l s  ranging f r o m  v e r y  
small, thin sec t ions  of a luminum, magnes ium,  s t a i n l e s s  s t e e l ,  coppe r ,  and 
n icke l  a l loys to  a l l -a luminum r a d a r  r e f l e c t o r s  9 f e e t  by 18 f ee t .  The m e t a l  
f i n i sh  shop does plating and s u r f a c e  t r e a t m e n t  of m e t a l s ,  paint ing,  and 
symbolizat ion by s i lk  s c r e e n i n g ,  s tamping ,  d e c a l s ,  and o the r  methods as 
r e  qu i r e  d . 
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C l e a n r o o m  Fac i l i t i e s  

A l a r g e  c leanroom is avai lable  at T e x a s  I n s t r u m e n t s  f o r  manufac tur ing  
a s s e m b l y  operations,  r equ i r ing  a high d e g r e e  of contaminat ion  cont ro l .  T h i s  
r o o m  is a l amina r  c ros s - f low type with 3600 s q u a r e  f e e t  of working  a r e a  and 
a 400-  square- foot  an te room f o r  material p repa ra t ion  and c leaning  ope ra t ions .  
Room environment  exceeds  the r e q u i r e m e n t s  of F e d e r a l  S tandard  209, and 
any d e s i r e d  c l a s s  of air c l ean l ines s  p r e s c r i b e d  in  the s t a n d a r d  c a n  b e  
obtained. Room conditions a r e  au tomat ica l ly  cont ro l led  f o r  t e m p e r a t u r e ,  
humidity,  and positive p r e s  s u r e .  Monitor ing i n s t r u m e n t s  provide cont inuous 
r e c o r d s  of t empera tu re ,  humidi ty ,  and pa r t i c l e  count.  Th i s  c l e a n r o o m  is the 
l a r g e s t  and f ines t  of its type in ex is tence .  Its des ign  and cons t ruc t ion  have 
been  highly recommended by M r .  W .  J. Whitfield of Sandia  Corpora t ion ,  a 
recognized  authority on c l e a n r o o m  technology, who w a s  i n s t r u m e n t a l  in  p r e -  
para t ion  of F e d e r a l  S tandard  209. 

Deta i led  specif icat ions of the c l e a n r o o m  a r e  

Gene r a1 : 

TY Pe 

A r e  a 

Applicable Government  
Specifications 

Env i ronmen t  Control  Capabi l i t ies  : 

T e mpe  r a t u r  e 

Rela t ive  Humidity 

A i r  P r e s s u r e  

A i r  Velocity 

Change Cycle 

Replacement  Cycle  

Makeup A i r  

P a r t i c l e  Control  
(0 .  5 micron  o r  l a r g e r )  

L a m i n a r  c r o  s sflow 

3600-square- foot  working  a r e a  
400-  s q u a r e  -foot  a n t e r o o m  

E x c e e d s  r e q u i r e m e n t s  of F e d e r a l  
S tandard  No .  209, C l a s s  100, 000;  
A i r  F o r c e  Techn ica l  O r d e r  00-25, 
Revis ion 1, July 1963 

68" to  7 8 ° F  *l. 5 ° F  

30  *3 p e r c e n t  

Pos i t ive ,  nominal  0. 22 inch H2O; 
m i n i m u m  on door  opening 0. 08 inch 

H 2 0  
Uniformly 100 *10 f ee t  p e r  minute  

4 0  seconds  

200 seconds  

1000 to  5000 cubic f ee t  p e r  minute  
as r e q u i r e d  

R o o m  empty - l e s s  than  200 p e r  cubic  

Room ope ra t ing - l e s s  than  100, 000 
foot 

p e r  cubic foot 



Mechanizat ion 

T e mpe  rat u r  e C ont r o 1 

Humidity Control  

P r e s s u r e  Control  

Cont ro l  Actuat ion 

1 

Ins t rumenta t ion  

T e m p e r a t u r e  
and Humidity 

P r e s s u r e  

P a r t i c l e  Count 

A i r  F i l t e r ing  

A i r  Handling Unit 

Room F i l t e r  Bank 

Hot  wa te r  co i l s ,  flow modulated 30-ton 
capac i ty  chi l led w a t e r  co i l  
10-ton capac i ty  d i r e c t  expansion 

Walton a tomiz ing  humidi f ie r  i n  air 
supply duct 

Vane modulated b lower  on input s ide  
of air handling unit, 1000 t o  5000 
c f m  capac i ty  

Fast  r e s p o n s e  pneumatic  m o t o r s  

Brown Ins t rumen t s  24-hour r e c o r d i n g  
ind ica tor  

Cambr idge  Manometer  Type  6A25 

Rayco P a r t i c l e  Counter  with continuous 
t ape  pr intout  

1 - inch f ibe rg la s s  p r e f i l t e r s  
2- inch m e t a l  f i l t e r  mats on d i scha rge  

s ide  

1 - inch  f ibe rg la s s  p r e f i l t e r s  on blower 

6- inch  Cambr idge  absolute  HEPA 
input 

m e  c hanic a1 f i l te  r s . 

Assembly  Fac i l i t i e s  

The  e l e c t r i c a l  a s sembly  shop occupies  53 000 s q u a r e  f ee t  of plant a r e a  
and accommoda tes  approximately 675 w o r k  s ta t ions .  The  c l e a n r o o m  faci l i ty  
d e s c r i b e d  he re in ,  suppor ts  the other  a s s e m b l y  fac i l i t i es  with approximate ly  
65 w o r k  s ta t ions .  

Conventional bench so lder ing  and flow so lder ing  a r e  done t o  all m i l i t a r y  
spec i f ica t ions ,  to NASA specif icat ions r equ i r ing  Government  ce r t i f i ed  o p e r -  
a t o r s  and i n s t r u c t o r s ,  and to  J e t  P ropu l s ion  L a b o r a t o r y ' s  s t a n d a r d s  f o r  
s p a c e c r a f t  equipment .  T h e  welding a s s e m b l y  group h a s  both c r o s s w i r e  w e l d e r s  
and pa ra l l e l -gap  w e l d e r s .  The  l a t t e r  technique h a s  been p ioneered  by T e x a s  
Ins t rumen t s  and t h e s e  mach ines  a r e  now being manufac tured  and m a r k e t e d  by 
T e x a s  Ins t rumen t s .  
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Operat ion 

Development 
Antenna (Pa t t e rns ,  e tc .  ) 

Ster i l izat ion Effects  
He a t  Soak 
Surface 

Breadboard  Evaluat ion 

Fac i l i ty  Availabil i ty 

Tes t ing  
F o r m a l  E lec t r i ca l  T e s t s  

Environmental  T e s t s  
Shock 
Vibrat ion - s i m p  1 e wave 
Vibrat ion-  complex  wave 
Explosive A t m o s p h e r e  
Humidity 
R F I  
The r m a l  -V acuum 
Sys tems T e s t s  
Life  T e s t  

Fl ight  T e s t s  
Ins ta l la t ion 
High Altitude P lane  
High velocity e n t r y  

Monitoring 
(See Volume 6 )  

Fabr ica t ion  
Clean  Room 

Shops 

T e x a s  Ins t rumen t s  

T e x a s  Ins t rumen t s  
Gove r n m e  nt 

T e x a s  Ins t rumen t s  

T e x a s  Ins t rumen t s  

T e x a s  Ins t rumen t s  
T e x a s  Ins t rumen t s  
Governmen t  
T e x a s  Ins t rumen t s  
T exas  Ins t rumen t  s 
T exas  In s t r ume  nt s 
Governmen t  
Governmen t  
Gove r n m e  nt 

T e x a s  Ins t rumen t s  
Gove r n m e  nt 

T e x a s  Ins t rumen t s  o r  Governmen t  
Government  

T e x a s  Ins t rumen t s  

T exa  s In s tr u m e  n t  s 
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PROJECT FUNDING PLAN 

A budgetary e s t i m a t e  of the c o s t  of developing, tes t ing,  and de l iver ing  
a m a x i m u m  quantity of t en  r a d a r  a l t i m e t e r s  has  been m a d e .  The m a j o r  i t e m s  
are:  

1. Development - Includes one b readboard ,  one engine e r ing mode  1, 
and two prototype models  (one  backup ) fo r  tes t ing  p u r p o s e s .  
Envi ronmenta l  and rel iabi l i ty  t e s t s  a r e  included in the c o s t  
es t imat ing .  

Flight Tests-Includes both a i r c r a f t  and high velocity rocke t  t e s t s .  

Product ion  Lot I-Includes fabr ica t ing  and de l ivery  of two ( 2 )  
a l t i m e t e r s .  

Product ion  Lot 11-Includes fabr ica t ing  and de l iver ing  eight (8) 
a l t i m e t e r s .  

Miss ion  Support-Includes moni tor ing  t e s t s  p e r f o r m e d  by NASA 
of a l t i m e t e r  and lander ;  pref l ight  t e s t s ,  and post  flight ana lyses .  

Documentation-Includes cos t  of wri t ing and pr int ing any f o r m a l  
documents  ( t e s t  resul ts ,  per iodic  r e p o r t s ,  e t c .  ). 

2 .  

3.  

4. 

5. 

6 .  

Figure  15 shows the  approximate percentage  cos t  of e a c h  i t em,  F i g u r e  
16 shows the expected percentage of expendi tures  v e r s u s  t ime,  and F i g u r e  17 
shows the approximate  expenditure for  each six mon th  per iod .  

Costs  w e r e  e s t ima ted  for a p r o g r a m  s t a r t  da te  of July 1967, and w e r e  
b roken  into six mon th  pe r iods .  
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